Field pea seeds (cv. Tarchalska) grown in different regions of Poland (Warmia and Mazury, Wielkopolska, Kujawy) were subjected to mycological analyses. Simpson's dominance index (DI) was used in the study to determine the abundance of each fungal species in the fungal communities isolated from seeds. PCR analyses were carried out with the use of speciesspecific primers for Fusarium fungi isolated from pea seeds to identify Tri genes responsible for trichothecene synthesis in the growing seasons of 2011, 2012 and 2013.Saprotrophic species predominated on pea seeds cv. Tarchalska grown in various Polish regions, whereas the isolated fungal pathogens were represented by species of the genus Fusarium and Botrytis cinerea. Genes encoding the synthesis of trichothecenes, the mycotoxins produced by Fusarium fungi, were not identified in the PCR analysis. In the group of peas grown in three Polish regions (Warmia and Mazury, Wielkopolska, Kujawy), the highest level of fungal colonization was noted in the pea seeds harvested in Warmia and Mazury.
INTRODUCTION
Plant diseases are responsible for around 15% of the losses in the production of leguminous crops, but in extreme cases, they can lower yields by as much as 70-80%. Legumes are exposed to infections throughout the growing season, from germination to pod formation and seed filling. The prevalence and severity of fungal diseases vary depending on weather conditions during the growing season, crop species and cultivar. Leguminous plants are particularly susceptible to fungal infections during flowering (Horoszkiewicz-Janka et al. 2013; Kumar et al. 2017; Singh et al. 2014) .
The seeds of leguminous plants can be infected with various pathogens, and seed health is a very important consideration. Seed pathogens cause economic losses, and they can be transferred to crops that are free of disease. Seeds for sowing should be free of pathogens, characterized by high germination rates, high levels of species and varietal purity (Rathod et al. 2012) .
Field peas (Pisum sativum L.) are one of the major leguminous crops grown in the temperate climate (Zhang et al. 2016) . Pea and faba bean seeds can be colonized by pathogenic and saprotrophic fungi whose toxic secondary metabolites (mycotoxins) pose a threat for humans and animals (Watanabe et al. 2007) . Mycotoxins enter the food chain indirectly through the consumption of milk and meat of animals fed contaminated feeds, whereas infected plant products lead to direct contamination (Edwards et. al. 2009; Okorski et al. 2017) . Pathogenic fungi colonizing pea seeds are usually identified during macroscopic and microscopic observations based on their morphology (Kulik, 2005) . However, conventional methods are increasingly replaced with molecular techniques which are faster and deliver more reliable results (Katkar et al. 2015; Schilling et al. 1996) . Diagnostic procedures involving observations of pathogens that colonize plants and seeds during the growing season significantly contribute to disease prevention in peas grown for food, feed and sowing.
In view of the above, the objective of this study was to identify fungi colonizing pea seeds in various regions of Poland with the involvement of conventional and molecular methods, and to identify the genes responsible for mycotoxin synthesis.
MATERIALS AND METHODS
Field pea seeds (cv. Tarchalska) grown in different regions of Poland (Warmia and Mazury, Wielkopolska, Kujawy) were subjected to mycological analyses. Batches of 200 seeds from each region were analyzed, and the morphological characteristics of fungi isolated from seed material were described. Surface-disinfected seeds were cultured on potato dextrose agar (PDA). Fungal colonies were identified to the genus and species level under a microscope based on the available monographs (Leslie and Summerell, 2006; Watanabe, 2002) . 
Fungal species Primers References
Fusarium ssp. P58SL 5´-AGT ATT CTG GCG GGC ATG CCT GT-3´Hue et al. 1999 P28SL 5´-ACA AAT TAC AAC TCG GGC CCG AGA-3F usarium avenaceum FaR 5´-CAA GCA TTG TCG CCA CTC TC-3´Doohan et al. 1998 FaF 5´-GTT TGG CTC TAC CGG GAC TG-3F usarium culmorum
Fc01F 5'-ATG GTG AAC TCG TCG TGG C-3' Nicholson et al. 1998 Simpson's dominance index (DI) was used in the study to determine the abundance of each fungal species in the fungal communities isolated from seeds (Fernandesa et. al. 2015) . The relative frequency (RF) of pathogenic and saprotrophic fungi was compared by dividing the number of sampling sites containing the analyzed fungal species by the total frequency of occurrence of all fungal species.
DNA was isolated from pea seeds by the columnbased method proposed by Kulik et al (2007) . PCR analyses were carried out with the use of species-specific primers for Fusarium fungi isolated from peas in the growing seasons of 2011, 2012 and 2013: Fusarium spp., F. culmorum, F. sporotrichioides, F. avenaceum, F. poae and F. equiseti (Table 1 ). The PCR method was also used to identify Tri gene responsible for trichothecene synthesis in pea seeds ( Table 1 ). The reaction mixture of 25 μl was composed of: FailSafe™ PCR 2X Premix E, 0.2U Fail Safe TM Enzyme Mix Only (Epicentre Biotechnologies, USA), 10 pM of each primer, 5.75 of deionized water and 5 μl of the DNA template.
Samples were subjected to temperature cycling tests in the Eppendorf Mastercycler Gradient thermocycler (Germany). PCR was conducted in three replications for each sample. PCR products were visualized by electrophoresis in 1.5% agarose gel with ethidium bromide. Product size was determined based on M 100-1000 molecular weight markers (A&A Biotechnology, Poland).
Meteorological conditions were monitored in three locationsin Poland (Mochełek in the Region of Kujawy, Bałcyny in the Region of Warmia and Mazury, Złotniki in the Region of Wielkopolska). The average monthly temperature and total rainfall between April and July were recorded in all years of the study ( Table 2 ).
The correlations between the frequency of occurrence of saprotrophic and phytopathogenic fungi and weather conditions in the evaluated regions were processed in the Statistica vs. 12.5 application (www.statsoft.com) with the use of Pearson's correlation coefficients. 
RESULTS AND DISCUSSION
Pathogenic fungi of the genus Fusarium and Botrytis cinerea were identified in the analyzed pea seeds, but the severity of infections was generally low (Table 3 , Fig. 1 ). Seeds characterized by low prevalence of Fusarium fungi and the absence of Fusarium mycotoxinsare suitable for the production of high-quality feed. The predominant species ofsaprotrophic fungi were Alternaria alternata and Cladosporium cladosporioides (Table 3) . Alternaria alternata was also most frequently isolated from pea seeds in Poland by Marcinkowska (2008) and Wilman et al. (2014) . In studies by Horoszkiewicz-Janka et al. (2013) , and Okorski and Majchrzak (2008) , pea seeds were colonized by both saprotrophic and pathogenic fungi. Other researchers identified 16 fungal species on pea seeds. Ascochyta pinodes, C. cladosporioides and Penicillium spp. were most frequently isolated from pea seeds, and their average frequency of occurrence was determined at 7.1%, 6.6% and 3.9%, respectively (Gorfu and Sangchote, 2005) . According to Ozgonen and Gulcu (2011) , Fusarium fungi were most frequently isolated from both surface-disinfected and nondisinfected pea seeds cultured on PDA. The identified Fusarium species were F. oxysporum and F. solani, and Alternaria spp. colonies isolated from pea seeds were identified as Alternaria alternata.
The highest severity of fungal infections was observed on pea seeds grown in the Region of Warmia and Mazury (Table 3 ). Fungal colonization levels were similar in pea seeds from the Regions of Wielkopolska and Kujawy (Table 3 , Fig. 1 ). Toxin-producing fungi of the genus Fusarium were most prevalent on pea seeds grown in Warmia and Mazury. The highest number of Botrytis cinerea isolates was also determined in the above region (Table 3) . The relative frequency (RF) of potentially pathogenic fungi was also highest in Warmia and Mazury (Table 4 ). Pea seeds grown in Wielkopolska and Kujawy were less infected by pathogens (Tables 3 and 4 ). Sharma (2011) reported the presence of Fusarium fungi in seeds in a blotter test. Fusarium fungi were identified on 12.9% of seeds on average. The cited study revealed that seeds from Fusariuminfected plants were highly likely to contain the pathogenic inoculum. According to Kraft (1994) , Fusarium fungi can spread from plant roots to the vascular system and seeds in advanced stages of infection.
In the present study, fungal colonization of pea seeds differed across the regions of origin and experimental years, but was not highly influenced by weather conditions. According to Rohačik and Hudec (2007) , temperature and precipitation are the key determinants of the severity of fungal infections in crops. High temperature and high relative humidity during the growing season can compromise seed yield, seed vigor and germination capacity (Gaurilčikiene et al.2008) .
Pea seeds grown in the Region of Warmia and Mazury were most severely infected with pathogenic fungi in 2011, a year that was characterized by high precipitation and temperature in July (Tables 2 and 3 ). The smallest number of fungal isolates was noted in 2012, but potentially pathogenic fungi had the highest share of all isolates in that year (Tables 3 and 4 ). These results were attributed to weather conditions during pea flowering, pod formation and seed filling in June and July (Tables 2 and 3 ). In 2013, fungal isolates contained very few pathogenic strains.
Similar levels of fungal contamination were noted in pea seeds grown in the Region of Wielkopolska. Pathogens were identified only in 2012, which was related to the temperature and precipitation levels in June and July (Tables 2, 3 and 4). Weather conditions during flowering and seed formation supported the growth of pathogens and the spread (Tables 3 and 4 ).
The highest RF values of pathogenic fungi were noted in Warmia and Mazury in 2011 and 2012 (Table 4) . Saprotrophic species were most frequent in Wielkopolska. These results suggest that the frequency of occurrence of pathogenic and saprotrophic fungi could be influenced by weather conditions during the growing season. The above hypothesis was verified by analyzing the linear correlations between the RF values of fungal isolates and weather conditions: mean monthly temperature and total precipitation. The results of statistical analyses revealed that total precipitation and average temperature during the growing season did not exert a significant influence on the frequency of occurrence of pathogenic and saprotrophic fungi on pea seeds (Fig. 1A-H, 2A-H) . Marcinkowska (2008) found that the prevalence of fungi on pea seeds was determined by species, weather conditions during the growing season, cultivar and local environmental conditions, including weather conditions and field microclimate. Rainfall significantly contributed to the prevalence of fungal infections in peas. The cited author isolated significantly more fungi from locations characterized by higher precipitation and lower temperature. Pszczółkowska et al. (2017) also demonstrated that weather conditions were significantly correlated with fungal colonization of seeds of three lupine species. The frequency of pathogenic fungi on seeds was influenced by total precipitation in May and ambient temperature in July, whereas the frequency of saprotrophic fungi was determined mainly by June temperatures. 2011 2012 2013 2011 2012 2013 2011 2012 2013 2011 2012 2013 2011 2012 2013 2011 2012 2013 Kujawy Fusarium fungi isolated from pea seeds were identified by PCR with the use of primers specific for pathogens of the genus Fusarium (Table 5) , for F. poae in peas grown in Kujawy in 2012 and for F. sporotrichioides in peas grown in Warmia and Mazury in 2013 (Table 5 ). According to Kulik et al. (2005) , PCR is a highly effective method for identifying pathogenic fungi. These analyses are particularly useful in diagnosing seed-borne diseases which pose a threat in early stages of plant growth. Molecular techniques also supported the identification of three Fusarium species viz. F. verticilloides, F. proliferatum and F. poae in pea seeds grown in Poland (Wilman et al. 2014) .
Genes responsible for the production of harmful mycotoxins were not detected in pea seeds (Table 6) . Embaby et al. (2013) isolated species of four genera, Aspergillus, Fusarium, Penicillium and Sclerotinia from beans, peas and soybeans. Soybeans were more frequently colonized by fungal pathogens than peas and beans. Aspergillus parasiticus and Fusarium spp. were prevalent in peas. Aspergillus pasiticus and F. moniliforme produced aflatoxins and fumonisin in amounts exceeding safe levels. Infections caused by A. parasiticus and F. moniliforme decreased the content of protein, lipids, carbohydrates and ash in the seeds of the analyzed plant species. Seed moisture content was significantly correlated with the prevalence of fungal infections. Fungal pathogens lowered the nutritional value of legumes, and fungal mycotoxins posed a direct threat to the consumers' health (Embaby et al. 2013) .
CONCLUSION
Mycological analyses revealed a predominance of saprotrophic species in pea seeds cv. Tarchalska grown in various Polish regions, whereas the isolated fungal pathogens were represented by species of the genus Fusarium and Botrytis cinerea. Genes encoding the synthesis of trichothecenes, the mycotoxins produced by Fusarium fungi, were not identified in field peas in the PCR analysis, which indicates that Polish peas can be safely used for food and feed production and for sowing. In the group of peas grown in three Polish regions (Warmia and Mazury, Wielkopolska, Kujawy), the highest level of fungal colonization was noted in the pea seeds harvested in Warmia and Mazury.
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